The goal of this research was to determine the relationship between the stage of chronic periodontitis and the presence of six bacterial pathogens (Aggregatibacter actinomycetemcomitans: AA, Fusobacterium nucleatum: FN, Porphyromonas gingivalis: PG, Prevotella intermedia: PI, Enterococcus faecalis: EF, and Parvimonas micra: PM). Forty-six chronic periodontitis patients visiting a dental hospital were included in this investigation. They were classified into four chronic periodontitis stages based on the sulcus bleeding index value and the probing depth. The tissue samples from the periodontal surgery were used for a direct PCR detection assay. A total of 49 samples from 46 patients were collected and classified into four chronic periodontitis groups (N: 6, P1: 13, P2: 18, P3: 12). The PCR assay showed that FN, PI, and PM were involved from the beginning of chronic periodontitis (P1), while AA and PG existed regardless of the disease stages. EF was strongly linked to the P3 stage of the disease. In order to assess the effect of dental treatments on patients with chronic periodontitis, EF should be a critical marker for P3 patients, while FN, PI, and PM would be good indicators for chronic periodontitis.
INTRODUCTION
Chronic periodontitis is an inflammatory disease that results in the destruction of periodontal tissue, including the alveolar bone and connective tissue that support the teeth trauma, and the mental instability of the host (3, 4) . These factors promote the growth of bacteria that cause periodontal disease, and thereby allow them to overcome host defenses so that periodontitis proceeds. Certain changes in the condition for bacterial growth and in the host body, especially intraoral tissue, inhibit the host from effectively suppressing the growth of bacteria and inevitable tissue destruction that follows. Shift phenomenon of bacteria and periodic increase of bacteria which comes from the periodic weakening in bacterial control incapability of the host bring the tissue destruction. This phenomenon can be defined as crossreactivity between the defense factor and destructive factor, which causes periodic tissue destruction (5 (7, 8) . In addition, in 2012, it was found that oral Enterococcus faecalis possibly played a role as a reservoir for the transferable virulence factor and antimicrobial resistance genes and was responsible for the pathogenesis of chronic periodontitis (9, 10) . Therefore, it is critical to determine which bacterial species or strains are the major cause of chronic periodontitis. An analysis of the quantities of periodontal pathogens, depending on the severity or progression of chronic periodontitis, should follow for more accurate diagnosis and prevention of periodontitis progression. The identification of these pathogenic bacterial species will also help us set the main targets for periodontitis therapies. However, specific pathogens that are PCR is a highly sensitive detection tool that is widely used for the microbiological diagnosis of dental diseases. Many dental studies have been reported on oral bacteria-associated dental diseases and microbiomes of dental patients, which used PCR and/or DNA sequencing (11, 12) . We used a direct PCR detection assay to detect the six pathogenic bacteria from tissue sample obtained from the periodontal surgery.
We also determined the relationship between the presence of six pathogenic bacteria and the stages of chronic periodontitis. 
MATERIALS AND METHODS

Patients
Clinical measurement and sampling
The sulcus bleeding index (SBI) value and probing depth (PD) are the clinical periodontal parameters that can be obtained from six sites per tooth in an initial examination.
Clinical criteria to describe gingiva were determined using these parameters (13) 
PCR detection
For the detection of six bacterial pathogens (A. actinomycetemcomitans, F. nucleatum, P. gingivalis, P. intermedia, E. faecalis, and P. micra), PCR primers targeting speciesspecific 16S rRNA coding regions of these pathogens were chosen, synthesized, and used (16~18) ( Table 1) These positive control strains were harvested from growth media, prepared by boiling, and used for the PCR. Autoclaved, distilled water was used for the negative PCR control.
For the detection of AA, FN, PG, and PI, 35 PCR cycles of 30 sec at 95℃, 30 sec at 52℃, and 1 min at 72℃ were For the detection of PM, the latter PCR conditions, except with an annealing temperature of 60℃, were accomplished.
An initial DNA denaturation step of 2 min at 95℃ was completed before the amplification cycles began, and for each PCR reaction, the 35 cycles were followed by a final extension step of 7 min at 72℃. PCR was performed using the TaKaRa PCR Thermal Cycler Dice (TaKaRa Bio). The 
Statistical analysis
The statistical analysis was performed using the Pearson's Chi-squared test in SPSS 12.0 (SPSS Inc., USA).
RESULTS & DISCUSSION
The clinical data and characteristics of the recruited patients and specimens were summarized in According to PAL measurements, number of samples classified into P1, P2, and P3 were 13, 18, and 12 samples, respectively. Six normal samples, from persons with no evidence of bone resorption or periodontal pockets, were also evaluated in the study. Table 3 shows the frequencies of detecting six bacterial species from 49 samples (normal, P1, P2, and P3 chronic periodontitis tissue). AA, FN, and PG were the most frequently detected bacteria, regardless of a normal status or the level of chronic periodontitis. These bacteria were detected in more than 80% of all chronic periodontitis patients and more than 60% in healthy normal individuals included in the study. FN, PI and PM were highly prevalent in chronic periodontitis patients regardless of the disease stage, but these bacteria were detected less frequently in normal samples (FN, PI and PM, 66.7%, 16.7% and 33.3%, respectively. p < 0.05). EF was not detected both in the normal and in P1 stage samples, but only one P2 sample was PCR positive for EF (5.5%), unlike the other bacteria tested. However, 75% of P3 samples was PCR positive for EF that was statistical significance relation between detection rate of P3 and those of the other samples (p < 0.01). Pearson's Chi-squared testing suggested that FN, PI, and PM were associated with the beginning of chronic periodontitis (P1) while AA and PG were present in chronic periodontitis tissues regardless of the disease stage. EF was strongly linked to the P3 stage in this study (Table 4) .
AA, FN, and PG are well-studied bacterial pathogens in the field of chronic periodontitis pathogenesis. Fine et al. reported that AA is frequently associated with localized aggressive chronic periodontitis (LAP) and can serve as a risk marker for the initiation of LAP (19, 20) . FN, on the other hand, adheres to and invades human epithelial cells, (27) . In addition, the deeper chronic periodontitis pockets in P3 patients have wider epithelial surface areas with preexisting dental bacteria biofilms where EF may attach easily. However, the potential pathogenic role of EF in oral infections is still unknown due to limited number of study addressing this question.
According to a study performed in 2012 by Lee H et al. (28) , to analyze the change of bacterial flora based on the stage of periodontitis, the relative levels of A. actinomycetemcomitans and C. rectus were positively correlated with the progression of periodontal disease. In this study, large amounts of EF, which was not a focus of the previous study, were detected in severe chronic periodontitis (P2, P3) samples, and it is equally important to note that EF was not detected in healthy periodontal tissue.
Unlike most previous studies, which used subgingival plaque samples to evaluate the prevalance of periodontal pathogens (29) , in this study, we identified bacterial pathogens from subgingival tissues. Since bacteria found in chronic periodontitis lesions are a more direct immunological source compared to subgingival plaque, using subgingival tissue instead of plaque samples could be a more accurate and reliable source for determining the impact of pathogens on host immunity.
In summary, this is the first report on six chronic periodontitis-associated pathogens and their association with stages of chronic periodontitis in Korea. Although the sample size of the study was small and target bacteria were restricted to only six microorganisms, our findings could suggest a direction for assessment of treatment of chronic periodontitis through the recognition of pathogens. Further analysis of the quantities of periodontal, depending on the progression of chronic periodontitis, should follow for more accurate diagnosis. In order to assess the effect of dental treatments on chronic periodontitis patients, EF would be a critical marker for P3 patients, while FN, PI, and PM would be good indicators for chronic periodontitis patients overall.
